I
NFORMATION regarding head injury has for the most part originated from single-hospital studies. 2'3"t6 Multicenter studies have usually included centers located in similar geographic and cultural areas. 5A~ The authors have had the opportunity to examine in detail the results from two centers, one situated in central Virginia and the other in metropolitan New Delhi, India. Such a comparison might illuminate the role of different treatment practices in a controlled trial that is impossible to achieve in the West, where certain treatment modes have become established. For example, what is the role of rapid transportation, patient ventilation, intracranial pressure (ICP) monitoring, rapid hematoma evacuation, and emergency medical management? A comparative analysis of outcome in two centers where the practice relating to some of these factors is different might yield useful information.
The New Delhi group uses an aggressive and sophisticated surgical approach similar to that practiced in the West; however, the contrast between the centers does not seem to lie in surgical treatment, but to be more closely related to peri-injury management. For example, artificial ventilation and monitoring of ICP, performed in Charlottesville, are not practiced in New Delhi. ~ 8
Clinical Material and Methods
Data for the study were prospectively collected over a 20-month period from 1977 to 1979 on all patients with head injury admitted to the University of Virginia Medical Center, Charlottesville, Virginia, and the AllIndia Medical Institute, New Delhi, India. Patients who were discharged within 24 hours after admission were excluded from analysis. There were 551 patients in New Delhi and 822 patients in Charlottesville who met these entrance criteria. Factors analyzed included patient's age, mechanism of injury, Glasgow Coma Scale motor score (GCS M) on admission, pupillary response to light, presence of associated injuries, systolic blood pressure on admission, surgical procedures, adjunctive medical therapy, lesion type, and mortality.
Since it has been previously shown that the risk of mortality can be accurately predicted after head injury by the patient's GCS M (Fig. 1) , this parameter was used to compare the centers as to the severity of injury. 7 Motor scores were compared by categorizing patients into four groups: GCS M = 1 (no response); GCS M = 2, 3, 4 (abnormal response); GCS M = 5 (purposeful response); and GCS M = 6 (obeys commands).
Comparisons were made using contingency- on the chi-square distribution. Analyses were adjusted using the Mantel-Haenszel method.14 Continuous data were compared by the Student t-test or by the nonparametric Mann Whitney U-tesP 3 when normal distributions could not be assumed. Figure 2 shows the mortality rate at each center by motor score. Charlottesville had a higher percentage of patients (14%) in the groups with more severe head injury (GCS M = 1, 2, 3, 4) than New Delhi (7.6%). The overall mortality rate was higher in Charlottesville (10.5%) than in New Delhi (6.9%). However, when one adjusts for the differences in distribution of motor scores between both centers by the Mantel-Haenszel method, TM the mortality rate is higher in New Delhi (11.0%) than in Charlottesville (7.2%) (p < 0.02).
Results
There is a striking similarity in mortality rates in both centers when the groups are compared by motor score (Fig. 2) . In both centers the GCS M = 1 group did uniformly poorly and the GCS M = 6 group did uniformly well. The GCS M = 2, 3, 4 group had a lower mortality rate in Charlottesville (40.9%) than in New Delhi (56.2%), but the number of patients was not sufficient for this to reach statistical significance. One striking difference in mortality did exist, and this was in the GCS M = 5 groups (with purposeful motor responses). The mortality rate was 2.5 times higher in New Delhi ( 12.5 %) than in Charlottesville (4.8 %) (p < 0.01). Possible explanations for this will be addressed later.
The mean age of the New Delhi patients (25 _+ 1.4 years) was less than that of the Charlottesville group (32 _+ 1.4 years). Fifteen percent of the patients in Charlottesville were older than 60 years of age compared with only 2.7% of the New Delhi patients (p < 0.05). In both head-injury series the patients were predominantly male, but there was a significantly higher proportion of males hospitalized in New Delhi (81% vs. 69%, p < 0.05). Table 1 lists the detailed mechanism of injury in both centers. Vehicular accident-related injuries were responsible for approximately 60% of injuries in both locations; however, when one looks at the type of vehicle involved, substantial cross-cultural differences are apparent. Fifty-two percent of Charlottesville patients were involved in automobile or truck accidents versus only 15 % of New Delhi patients. A much higher proportion of patients were injured in bus-related accidents in New Delhi (11.1%) than in Charlottesville (0.2%). Twenty-two percent of patients in New Delhi were involved in two-wheeled vehicular accidents compared with only 8.3% in Charlottesville. A major difference in the two groups as to mechanism of injury is that 20% of all patients injured in New Delhi were pedestrians, a rate five to six times higher than in Charlottesville. In summary, in New Delhi, the patients were more likely to be injured while pedestrians or while traveling in lower-speed vehicles, whereas in Charlottesville there was a much higher percentage of drivers/passengers injured in higher-speed vehicles (automobiles or trucks). The proportion of falls and assaults as a mechanism of injury was similar in patients at both centers. Table 2 examines several parameters that were routinely measured on admission at both centers. Charlottesville had a higher incidence of patients with a systolic blood pressure less than 90 mm Hg and a higher percentage of patients with an abnormal pupillary response to light. Skull fractures occurred in 40.4% of New Delhi injuries versus only 21% of Charlottesville patients. Skull x-ray studies were performed in over 97% of cases in both centers.
To ascertain whether differences in the incidence of skull fractures in both centers could account for the observed mortality rates, the proportion with skull fractures is compared by motor scores in Table 3 . It can be seen that the only significant difference in the incidence of skull fractures occurred in groups with GCS M = 2, 3, 4 and GCS M = 6, but for these groups there were no significant differences in mortality. Tables 4 and 5 address the question of surgical pathology and surgery performed in both centers. There was a higher incidence of subdural lesions in Charlottesville than in New Delhi (6.2% vs. 2.7%), but the mortality rate for this type of lesion was not significantly different at the two centers. The relatively small number of epidural hematomas makes comparisons of mortality rates less reliable. Craniotomies were performed in 10.5% of cases in New Delhi versus 7.3% in Charlottesville (p < 0.05). This difference is more noteworthy since the incidence of subdural and epidural hematomas can only account for less than one-half the number of craniotomies performed in New Delhi. However, the overall incidence of skull fracture in New Delhi was twice that in Charlottesville (Table 2) , and a number of the craniotomies in New Delhi may be attributable to the treatment of compound skull fractures.
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Adjunctive therapy in the management of head injuries is examined in Table 6 , where it can be seen that ICP was monitored in nearly 15% of cases in Charlottesville, but not at all in New Delhi. In Charlottesville, nearly 87% of all patients with a GCS M score of less than 5 had ICP monitoring with a Richmond subarachnoid bolt. Mannitol was administered with approximately the same frequency at both centers while head-injured patients in Charlottesville were much more likely to have received steroids.
The type of prehospital care and delivery of emergency aid is summarized in Table 7 . The vast majority of patients with head injury in New Delhi were transported to the hospital by nonmedical personnel (81.5%), whereas 84.1% of head-injured patients in Charlottesville were transported by ambulance. No first aid was administered in 64.9% of patients in New Delhi, whereas this was the case in only t 3.5% of patients in Charlottesville. In 32.4% of patients in New Delhi it was unknown whether they received first aid.
There was a significant difference in time intervals between injury and admission to the hospital between the two centers (Table 8 ). In Charlottesville, 50.2% of patients were admitted 1 hour or less following head injury, whereas this was true in only 6.9% of patients in New Delhi. The interval before admission was 3 hours or less in 88.7 % of Charlottesville patients versus only 39.4% in New Delhi. The length of hospital stay in both centers was remarkably similar. Nearly 50% of patients in both centers remained in the hospital for 3 days or less. Table 9 examines the effect of various factors on mortality rates at both centers. It can be seen that in Charlottesville patients with GCS M = 1 to 4 the factors that increased mortality were the presence of an abnormal pupillary response to light or being over 40 years of age. None of the five factors (skull fracture, abnormal pupillary reaction to light, presence of other injuries, systolic blood pressure < 90 mm Hg, or age of the patient) influenced mortality in the New Delhi patients with GCS M = 4 or less. However, when one examines the group with GCS M = 5 (which included the only significant difference in mortality rates between the two centers), the presence of a skull fracture significantly increased the mortality rate in New Delhi as compared to Charlottesville, although Table 3 indicated that the proportion of skull fractures was not statistically significantly different in that group. * Glasgow Coma Scale motor score (GCS M) = 6 is not listed due to the low mortality in both centers (one patient in Charlottesville, two patients in New Delhi). Table 10 demonstrates that a skull fracture in New Delhi in the GCS M = 5 group increased the risk of mortality from 7.6% to 17.9% (p < 0.05), whereas there was no significant difference in the Charlottesville group.
Discussion
Various attempts have been made in the past to compare outcome following head injuries. 1,5, ~o,12, is Most series have been reported from single centers, and dif- ferent criteria for admission into each study make it difficult to evaluate comparability of the severity of injury.
The adoption of the GCS 19 has allowed a better comparison of studies reported more recently. It has previously been shown that one component of the GCS, the motor score, is an accurate predictor of mortality following head injury 7 and that once data concerning the presence of the intracranial hematoma, pupillary response to light, and age of the patient are added to the motor score, the two other components of the GCS (verbal and eye-opening responses) do not add significantly in predicting mortality after head injury. 6 Therefore, the GCS M was utilized in this study to compare similar levels of injury to the central nervous system in both centers.
The purpose of this report was to examine head injury in two centers that vary significantly in the delivery of prehospital care while adhering to similar standards of neurosurgical care. Some conclusions can be drawn, but many questions were raised that can only be answered in a larger, prospective series. The overall mortality rate was found to be higher in Charlottesville than in New Delhi but, when adjusted for the difference in distribution of motor scores (since Charlottesville had a higher percentage of patients with a lower GCS M score), the mortality rate in New Delhi (11.0%) was higher than in Charlottesville (7.2%).
There were striking similarities in mortality rates when both groups were compared by motor score; the only subgroup with a different mortality rate comprised patients with a GCS M of 5. For this group the mortality rate was 21 times higher in New Delhi (12.5%) than in Charlottesville (4.8%). This cannot be explained by the presence of hypertension, skull fractures, age greater than 40 years, or pupillary reaction to light (Table 11 ). The incidence of hypotension and skull fractures is not significantly different between the two centers, and the incidence of abnormal pupillary response to light and age greater than 40 years, both factors which adversely affect survival (Table 9) , is significantly higher for the center with the lower mortality: that is, Charlottesville.
The mortality rate for those without skull fractures and with a GCS M = 5 was not significantly different in the two centers (Table 10 ). However, there was a significant difference in mortality in the subgroups with a skull fracture and GCS M = 5, with the mortality rate in New Delhi ( 17.9 %) being twice that in Charlottesville (7.7%). Therefore, it would appear that the subgroup with skull fractures in New Delhi is at greater risk of dying than a similar subgroup in Charlottesville.
Intriguing questions about the quality of prehospital care are raised by the lack of emergency medical services to transport and care for patients with head injuries in New Delhi as compared to Charlottesville (Table 7) as well as the markedly longer delays from injury to hospital admission in New Delhi (Table 8) . Improvement in emergency medical care as well as reduction in the length of the interval between injury and admission Classification of head injury in these two centers as "mild" (GCS M = 6), "moderate" (GCS M = 5), and "severe" (GCS M = 1 to 4) reveals that patients with "severe" head injuries have a comparably high mortality rate at both centers, patients with "mild" injuries do uniformly well, and the "moderate" injury group has a significantly higher mortality rate in New Delhi. In a further analysis of the patients in the International Data Bank, Jennett, eta[., 9 commented that for those patients with a GCS score of 8 or less, the use of steroids, intubation, or tracheostomy did not improve the mortality rate. In fact, among patients who survived, the outcome was worse in those who had received mechanical ventilation. The data from the present study would support their conclusions in severe head injury (GCS score of 8).
The group defined in this study as having "moderate" head injury may be the group that could benefit the most by attempts to ensure the best prehospital care. This would include prompt and skilled care at the scene of the injury and minimizing delay before obtaining definitive treatment in a center with neurosurgical capabilities. Although this cannot be proved by the results of the present report, it would be most interesting to study in a prospective manner. Since the majority of cases with head injuries admitted to hospitals are less than severe, 4 reducing mortality and concomitant morbidity rates in patients suffering moderate head injury would have a significant impact.
